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(G) Gain control circuit and gradation correcting apparatus. 

(57) A small scale gain control circuit for controlling gain correction quantity is realized, using the 
configuration of an inverter (1), a subtraction circuit (2), a limiter (3), and a multiplication circuit (4). Gain 
correction quantity is controlled in such a way that in the gradation correcting apparatus a first constant 
fixes a value beyond which gain correction quantity is zero and a second constant fixes an inclination of 
the characteristics line. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a gradation cor- 
recting apparatus and specifically to a gradation cor- 
recting apparatus for use in television receivers, video 
tape recorders, and video projectors. In particular, a 
gain control circuit for controlling the quantity of cor- 
rection applied an input image in order to automatical- 
ly adjust that image is disclosed. 

Description of the Prior Art 

A gradation correcting apparatus automatically 
acts on a video gradation signal (which includes infor- 
mation such as picture brightness and pitcure con- 
trast) to obtain a television picture with optimum con- 
trast. With the recent trend towards high quality tele- 
vision receivers, such devices have received much at- 
tention. 

A gradation correcting apparatus typically in- 
cludes a gain control circuit in order to control correc- 
tion quantity. 

A conventional gradation correcting apparatus, 
including a gain control circuit, is explained with ref- 
erence to the block diagram shown in Figure 1. 

The gradation correcting apparatus comprises; a 
histogram memory 5 for representing brightness dis- 
tribution of an input brightness signal; a look up table 
(LUT) arithmetic circuit 6 for performing accumulative 
addition of frequency in the histogram, and thereafter 
normalizing each accumulative frequency as descri- 
bed later; a look up table memory 7 for storing the nor- 
malized accumulative frequency supplied from the 
LUT arithmetic circuit 6 and supplying a correction 
quantity in response to the brightness level of the in- 
put brightness signal; a maximum value detecting cir- 
cuit 8 for detecting the maximum value of difference 
between adjacent normalized accumulative frequen- 
cies in the LUT arithmetic circuit 6; a gain control cir- 
cuit 9 for supplying correction quantity in response to 
the maximum value of difference in the maximum val- 
ue detecting circuit 8; and a multiplication circuit 1 0 for 
multiplying an output of the LUT memory 7 by an out- 
put of the gain control circuit 9 and sending a grada- 
tion correcting signal. 

Operation of the gradation correcting apparatus 
will now be explained with reference to Figures 2a - 
e, in which each characteristic graph shows a step in 
the consecutive conversion of a brightness signal 
within the gradation correcting apparatus. For pur- 
poses of this explanation, it is assumed that an input 
brightness signal is valued in 256 gradations as ex- 
pressed by 8-bit binary scale. 

First, a brightness distribution of the input bright- 
ness signal a is obtained. This brightness distribution 
is obtained through a horizontal sweep which com- 



prises a train of pixels. The brightness of each pixel 
or each sampled pixel is measured and classified into 
256 brightness grades. The frequency of each bright- 
ness grade may be counted and presented in the form 

5 of a histogram as shown in Figure 2(a). This bright- 
ness distribution is stored in the histogram memory 5. 
The contents of the memory 5 are cleared off and the 
memory 5 is set to zero once every one vertical seam- 
ing duration (or integer multiple thereof). 

10 Next, the LUT arithmetic circuit 6 (which may in- 

clude, for example, an arithmetic logic unit or a micro- 
processor) conducts the accumulative addition of fre- 
quency in the histogram, calculates the normalization 
coefficient such that the maximum accumulative fre- 
ts quency as obtained in the last accumulative addition 
is equal to the maximum value 256, and multiplies 
each accumulative frequency by the multiplication 
coefficient as shown in Figure 2(b). 

The result b of the preceding procedure is stored 

20 in the LUT memory 7. 

Whenever an input brightness signal a is received 
by the LUT memory 7, a correction signal c is trans- 
mitted therefrom. The value of the correction signal c 
is given by the algorithmic operation such that cor rec- 

25 tion value equals (normalized accumulative frequen- 
cy (dimensionless) minus input brightness value (di- 
mensionless)), thus leading to the characteristic 
graph as shown in Figure 2(c). This graph provides for 
correction of picture brightness such that lower 

30 brightness level are reduced while higher brightness 
level are increased, in other words, this graph pro- 
vides for enhanced contrast. 

Put another way, c - b (the accumulative addition 
of frequency) - 45° line of accumulative addition of fre- 

35 quency. Alternatively, correction signal c is the differ- 
ence between an input image and an image having 
ideal gradation. 

By means of the maximum value detecting circuit 
8, the maximum value of difference d between adja- 

40 cent normalized accumulative frequencies as indicat- 
ed in Figure 2(b) is detected, and sent to the gain con- 
trol circuit 9. 

Next, by means of the gain control circuit 9, the 
maximum value of difference d is converted to a value 

45 of a gain correction signal e according to the charac- 
teristic graph shown in Figure 2(d), which is obtained 
by expertise of this art. The more concentrated the in- 
put brightness values are in a certain brightness level, 
the larger the maximum value of difference d be- 

so comes. The graph shown in Figure 2(d) indicates that 
in the case of concentrated input brightness values, 
the value of the gain correction signal e has to be re- 
duced. 

The gain correction signal e transmitted from the 
55 gain control circuit 9 determines the resultant gain of 
the multiplication circuit 10 as the value of the gain 
correction signal divided by the number 256. For ex- 
ample, when the value of the gain correction value is 
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1 28, the gain is 1/2, thus the value of the outgoing sig- 
nal, i.e., a gradation correction signal f, becomes half 
the value of the incoming signal, i.e., the correction 
signal c. The plot of the value of the gradation correc- 
tion signal f against the value of the input brightness 5 
signal a is shown in Figure 2(e). Correction signal f is 
added to the input brightness signal a at the addition 
circuit 11, resulting in the corrected brightness signal 
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The gain control circuit 9 includes a read only 
memory (ROM), and the characteristic as shown in 
Figure 2(d) is written into the ROM. 

The gain control circuit 9 transmits the gain cor- 
rection signal e upon receipt of the maximum value of 
difference d. 15 

Unfortunately, gain control circuits incorporating 
a ROM are complex and large. This results in a large 
PC board and a high cost. 
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Again control circuit according to the present in- 
vention comprises: an inverter for inverting an input 
signal; a subtraction circuit for subtracting the first 
constant from an input signal; a limiter for passing an 25 
input signal when it is not less than zero, and stopping 
it when it is otherwise; and a multiplication circuit for 
multiplying a signal by the second constant. 

In the above-mentioned configuration, according 
to the present invention, gradation correction control 30 
is easily realized in such a way that when a variable 
exceeds a value specified by the first constant, the 
variable is set to zero by the limiter, and when it is not 
more than the first constant it varies in the way spe- 
cified by the second constant, thus sending a gain 35 
control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a gradation correction apparatus in- 40 
eluding a conventional gain control circuit 

Figures 2a - e are a set of graphs for explaining 
the function of a conventional apparatus. 

Figure 3 is a block diagram of an exemplary em- 
bodiment of a gain control circuit in accordance with 45 
the present invention. 

Figure 4 is a graph for explaining the function of 
an embodiment of a gain control circuit in accordance 
with an exemplary embodiment of the present inven- 
tion. 50 

Figure 5 is a graph for illustrating how the linear 
characteristics of the present invention approximately 
coincide with a portion of the characteristic curve of 
the prior art. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An exemplary embodiment of a gain control cir- 
cuit in accordance with the present invention is now 
explained. Figure 3 is a block diagram of the gain con- 
trol circuit comprising: an inverter 1 for inverting a sig- 
nal, a subtraction circuit 2 for subtracting the first con- 
stant A from an input signal, a limiter 3 for sending 
zero signal if an input signal is less than zero, and a 
multiplication circuit 4 for multiplying an input signal 
by the second constant B. 

In this configuration, the function of the gain con- 
trol circuit is now explained. 

First, a signal indicative of the maximum value of 
difference d as previously defined in the histogram of 
normalized accumulative frequency versus input 
brightness level is transmitted to the inverter 1 . Then, 
the output signal from the inverter 1 is transmitted to 
the subtraction circuit 2, being subtracted from by the 
first constant A. 

Next, the output signal from the subtraction cir- 
cuit 2 is transmitted to the limiter 3, transmitting an 
output signal of zero when the input signal is less than 
zero, or passing the signal with no modification when 
the signal is no less than zero. Then, the output signal 
from the limiter 3 is multiplied by the second constant 
B by the multiplication circuit 4, thus sending a gain 
correction signal e. 

The characteristic of gain correction quantity ver- 
sus maximum value as obtained in the preceding pro- 
cedure is shown in Figure 4. 

In the above description, the constants A and B 
are determined so as to get an optimum correction by 
expertise of this art. 

In Figure 4, a line a when the constant A is zero, 
and the constant B is 1 is obtained. A line b with an 
inclination of 1/2 when A is zero and B is 1/2 is also 
obtained. Furthermore, a line c when A is 128 and B 
is 1 is obtained. A line d wit h an inclination of 1/2 when 
A is 128 and B is 1/2 is obtained as well. In the range 
that a maximum value d is more than 128 in the last 
two cases, a horizontal zero line is obtained. For ex- 
ample, to keep gain correction quantity zero in the 
range a maximum value is more than 192, the con- 
stant A is desirably fixed to 64. 

In this manner, as shown in Figure 5, constant A 
and constant B are determined such that the linear 
characteristics approximately coincide with a portion 
of the characteristic curve of the prior art. 

By means of the above-mentioned procedure, 
gain correction quantity in the gradation correcting 
apparatus is controlled. This is accomplished through 
use of the first constant which sets a value beyond 
which gain correction value is zero and through the 
use of the second constant which determines an in- 
clination of the line in the characteristic shown in Fig- 
ure 4. 



BNSDOCID: <EP_ 



_0560056A1_I_> 



5 EP 0 560 056 A1 6 

As described in the exemplary embodiment of 
the present invention, gain correction quantity in the 
gradation correcting apparatus can be realized on a 
smaller scale and easily put into practice by means of 
the gain control circuit comprising an inverter, a sub- 5 
traction circuit, a iimiter, and a multiplication circuit, 
with the first constant which fixes a value beyond 
which gain correction quantity is zero and the second 
constant which fixes an inclination of the line as 
drawn in Figure 4. 10 



Claims 

1. A gain control circuit for use with a video signal 15 
and comprising: 

means for subtracting a signal representative of 
a first constant from said video signal to generate 
a subtracted signal, 

a Iimiter means for generating (1) an output signal 20 
of zero value when said subtracted output signal 
is less than zero, and (2) an output signal equal 
in value to said subtracted output signal when 
said subtracted output signal is not less than 
zero, and 25 
a multiplication circuit for multiplying said output 
signal by a second constant. 

2. A gain control circuit as claimed in claim 1 , where- 
in said gain control circuit is incorporated into a 30 
gradation correction apparatus. 
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